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\Yc ICpOII a dctai]~cl  cvall]atio[l  c)f{ic-s~]bs[itl]tc(l  l,aNi5f~)r clcctrocllcII]ical  a])plicaticm

as a ne[:ativc  clcclrdc  in alka]inc  I-ccha[-:cablc  calls. Alloys with small substitutions of

(;c foI Ni S11OW operating prcmtIIcs, chalgcabilityi cyclic lifcfimc, and kinetics for

hydI og,cm absmption  and de,sorpticm all supclior  to those found in many other substitute

l.a Nij alloys, ‘1’hcse i mpIovccl  properties WCIC  achicvd  with a minimal I ductim  in

h ydI ogcm stora~e ca])acity.
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onc IIIIpcdimcnt to the widespread consumer usc of 1.aNi5  as a ncsativc  clcctrocle  in

alkali I)c rcclIa Igcablc ba[tclics is its f,ast dcgladatio]l  of hydro::cn  absoq~tion  capacity

cxl)cI icnccd duling  cllal::c- dischalgc  cyclin:. An appl”oac]l  USHI to a]lcviale ( h i s

dcgmdation is to make substitutions of valious  metals for 1 a as VW]] as Ni, ‘1’hc pa][ial

substitution of solutes SUCII  as ‘l’i,l  7,r, Nd, and Ce7 for I a; and (h, Mn, Al, al~d Si2 for Ni

have been shown  to bc s~]cccssfltl  for imp[oving  the Cyclic lifetime. AnothcI  benefit of

tCIIIaIy solute substitution is (IIC (iccrcasc in plateau prcssum of the metal hydr-idc,

makin:: it feasible to opclatc  a nickel-metal hy(iride  (Ni-Mll)  cdl at low internal

p] (! Sslll”cs,

Sakai e.t al.3 pcl-fo]-mcd  a rigorous evaluation of several metals, M, as tcmary solutes in

1,aNi5.xMx. ‘1’hc equilibrium hyclriding pI-cssurc of the alloy was found to dccrcasc  upon

substitution in the OI(iIN Ni > (CI-, Co, or (h) > (Al or Mn), and the cyclic  lifetime to

incrc!asc in the oI”dc!I h411  < Ni < (:LI < CI’ < Al < Co. III a]] these tmlaly  al]oys, howc!vc!r,

the inlprovcmcnfs  in [l~c cyclic l ifetime and plateau prcssltl-c  arc unfol-[unatc]y

accompanied by a dcc[casc  in the hydrogcm absorption capacity, long activation, m slow

kinetics. “1’hc usc of Sn as a partial substituent  for Ni in I,aNi5,  on the othc[ Iland, was

found to I-C(iLICC [Ilc ])]atcal]  pICSSLII c all(l Ilystcresis, whi le l-claining most of the

absolptiot)  c.apacily of II)c binary alloy, ” ]’lll”[hCllll OIC, the S11 SllbS[itUC!J)t WaS fCJ[l Jld tO

Icsul( itl a ?.()-fold inc Jcasc ill the cyclic  Ii fcti[))c  in : , a s - p h a s e  tl)cJn]al  cyclin::5 aJ)d a
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cyclic  Ii f”climc compal-ab]c  t o  a l]llllti-co[lll~ollcllt, miscllmctat  basal alloy in

clccllc)cllclllical  cllar:,[ dischat-gc cyc]in:’,  ”’< “1’l]c kinclics  of Clcclfoctlcl]iical  cl IaIgc at~d

(Iiscfllalgca  lso[lccalllcl  llorcfi dcilcl]l]oll  Sn substitution. *

ll]~c.m]]a~cd  by tl]cil~]l)]()~~cl]l~tlt  in tl~cclcctrf)cl~cl~~ical  ]Jcifc)ll]laIlccc)fl,aNi5  UIWI1 Sn

substitution, wc began studies of alloys p]cpa[-cd  with other  substitucllts  fI-om the main

[]]”01]1)  o f  the ])clidic  t a b l e .  ~Jcl”llla  Ililll])  is OI)C  ~ f ’ t h e  pIo]])isiI]~  tc]’[~aly  so]l]t~s  thlls. >

idcnlificd.  l;ron~ p,as-~)llasc  stll(lics,9’10 Gc substitution has been rcpol-tcd  ca[-licr  to rcducc

the absorption pIcssLIIcs of 1,aNi5.  in this lct[cr, wc rCpOI-t the behavior of Gc-wbstitutcd

1,aNi5  alloys as tlcSativc  clcctrodcs  in alkaline clcc[rolytcs for Ni-Mll cells. Solute

conlpositions of x = (L3 and 0.4 in 1 ,ahli5.. Gc. were chosen for this study bccausc these

alloys al-c sin:; lc phase aI~ci  have plateau pIe SSLII-CS bclo~v 1 atm,9’1] and ouI plescnt

cxpcrimcmta]  test CCIIS arc more. amenable to the study of alloys of low (<1 atm)

absorption pl-e.SSLII c



powder dif’frac,lomctcr t]sin?, (:o Ku. ]adiation  (2, ~ 1.7902~). ‘1’hc gas-p]lasc  isothcmns

w e r e  olllaincd with an :ILI[o III filed  Sicvci  t’\ apparatus. “1’lIC Clccllocllcl])ic,:tl

mcasu]cmcnts  were pcrformd  on ‘1’cflon-bon(ic(i  Ml] alloy (iisk clccxrdcs (area : 0.09

cm2), usin::  an l\G&(i  2-/3 l)otci]tio  stat/( iali:lilc)st:tt and a 1?60 Soiarlrcm  l:rcqucncy

l{csponse  Analyz.cr intcgrat[~l ~vitl) an IIIM - 1)(’ ‘1’hc cycling  of [Ilc pl ismatic  clcctIo(ics

(alca= 6.45 cl~12)was l>ct-f()[-rl]c(i  ir]allc:atiic-l  it]]itc(lgiassccll  witl]Ni{)(lllc[)tll~tcr

clcxtrmlcs and  an 11:,/11::(1  [cfc[cncc clcctrodc,  usin:~  an Al bin IIattcry Cyc]er. ‘1’tlc

(ictaiis on the cxpcrimcntal  equipment anti sfimpic ilrcpar-alien havcbccn  provi(ic(i in our

pl”cvi cms publication 8

1{1:S111 ;J’S AN]) 1)1 SC(ISSION

l;i::um 1 si]owstl]c X-]-a~~(iiffI  ac.tiot]  ]~attcrl~s  ofl.aNi4.7(ic(j.3,  J,aNid,6Gco,4,  arl(ltl~c[)ir]ar)~

alloy, ‘J’hcse diffraction patterns show that all materials arc of single (]lauc,kc) ph~sc.

“I’hclc is an illclcasci]]lllcl]llit ccl] volumcupon  tllcslll>stitLlti  oIlof  Cicfrolll  avalucof

.86.8 ~~ fol 1,aNi5, 10 87.’S ~3 fo]- l.aNi.J 7(;c03 an(i 88.2 ~3 for 1,aNi4,6Gw,4, as may bc

cxpcctc(i {’I om substitutiotl  of Ni with an clcmctl[  ilaving a lar:;cr  nlctallic  radius. l:ip,urc

2 shows three l>rcssl]l-c-colll  l~[)sitio[j-tcll~  [>clatl][c  (p-c-’]’) isothcms  comparin~ the Gc-

s{~bstitutcd  alloys to the binary alloy at 250(;,  As may be seen flonl these isotherms, tl]c

cquilib~ ium pressure of 2. atm for biNal y 1.aNi5  dccrcascs  to below 1 atm upon Gc
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substit~ltioll at these compositions. ‘1’llis dmcasc in the cquilibrim  plaicau  J)rcssurc with

‘I’hc p,as-JJhasc  hyd Jo:;ct)  absorption  capacities of the (ic-substituted alloys arc marginally

.
Iowcr than the IJillaly alloy or IIIC Sn-subslilutd  alloys. ‘1’JJc clectrochctllical  capacities

obtained with the Gc-substituted alloys al-c in the IaNgc  of 250-300 n] Ah/g, and arc

comparable to Ihat of Sn-substitute alloys or a Illtllti-collll)ollcllt, miscl~nlctal  basc(i alloy

Of composition Mn~Ni3  (&()()  7jMt~(J  .1A!() 7 (l:i~.  ~). “]’hc Iligll  measured clcdrochcmical

capacity ofthc 1.aNi5.xGcx  alloys can h attribu!crl in pal-[ 10 the reduced plateau  pressure

for hyfiro~cn  absorpl  ion. ‘1’hc binaly alloy, whit.i~ has a plateau pressure higher than 1

atm, is

sli::hll y

not charged cffmtivcly  in our test cells, whicl{ maintain an internal pressure

above tllc ambient prcssLII  c

‘1’hc clcc,trochcmical  kinetic paramctc!-s  for the hydrogen absorption and dcsorption

pi”ocxsscs, mcasurd  by I~(; polarization (t)oth  linear and Tafel polarization) and AC

ilnpcclal~cc  methods, arc :,ivcn  in ‘1’able 1. “1’here is reasonable agyccmcnt  among the

values of the cxchan::c  culrcnt density (nol-maliz.  ed by :,comctric area) obtained fr-oni

these three mcthoc{s. “1’l~c  ternary substitution of (;c in 1.aNij rcsulteci in an increase irl

the exchange current cicnsity, as observed earlier with Sn.8 The improvement in the

kinetics is allnost  comparable to a Sn-substituted alloy, I,aNi4.Sno2. III conlparison  to

1,aNij, the Gc-s[ll~stit~ltcd  alloys  SI]OU’ in~provcn]cnt ill all kinetic parameter-s cxccpt  the

‘1’afcl  slope ot) desot-plion in addition, the kinetic pal-amctcls  for the (ic-substituted



al!oys dIC gCIICI-ally better than tbOSC  of l.aNi Jxs1102. III I,aNi5.xSnx alloys, the kinetics

sllf~w a Illaxitllu[ll  at l o w  collll)ositions, x = 0 1 01 (j ?, bul inc.leased (ic substitution

sums to benefit the charge  kinetics  even at the higllcr compositions of the present study.

I;i Ilally, the <lccl[ocllclllical  ca])acity  of the Gc-sul)slitutcd  alloys duiin::  ctlargc-dischar~c

c.yclinq,  in nc:,ativc-limited, plismatic  Ni-M1l cells is shown in I:i:,. 4. ‘J’hc cells were

chai~ed ovcu a 5 hour period at 4.5 n) A/cn12 (60 mA/:) to 11 So/O of charge return and

discl~a[gcd OVCI-  a 2 hour period al 12.5 mA/cm2  (1 50 mA/g) to -0.5 V vs. 11s/11s0. ‘1’hc

cyclic  lifetime of the Gc-substituted alloys is compa[cd  with 1,aNi4.75Sn0,25 and a nlisch-

nlctat based alloy cvalualccl  callicr. “1’hc  Gc-mmlific(i  alloys have initial capacities

sli:,htly 10 WCI
- that those of the best Sn-substitucd  alloys, but similar to those  with the

same Ni composition, l:urthcrmorc, some Gc-modified alloys experience a quick loss of

some capacity in IIIC first 30 cycles, l’his initial decline is not a function of the activation

cycles and is being investigated. ]Icspitc  this initial dlop in capacity, the capacity

Ictention  of the Gc-mociificd  alloys is excellent, especially in the latter stages of cycling.

“1’hc l-ate of l-cduction in capacity after the initial fall is considerably less with the Gc-

subslitutcd  alloys than in the S1l-s(lbstitutcd and miscll-mclal  basc(i  Ml 1 alloys. Rates of

cal)acity fade were 0.65 and 0.28 mAh/@c,yc,lc for 1.aNi,l  ~(ic[j.l  and 1,aNi4.6G~,4, 0.73 for

1,aNi4,75Sn(J.25,  and 0.72 for the misch metal based h411 alloys. ‘J’he capacity of the

1,aNi4,6Gc0.4 alloy aftcl-  the first 100 cycles  exceeds that of any of the Sn-substituted

alloys as well as tllc misch-nlc.  tal based forlnulatiot~s,

Wi[llam et. al. 6
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‘J’l)c substit(ltion of  60/0 and  80/0 of  \i willl Ge in I .aNi j i m p r o v e s  its per fo] mancc as an

anode in alkaline rcchar~cablc cells. The rcduccd absorption pressulcs  fi~cilitatc the

char[:ing  process and thus enhances  the clcctrochcmica]  capacity. (;crmatliuln

iubstituticm  also I cads to be.ttm a[)sc)l-l>t ic)l~/(lcsot}~f  iol~ ki rlcticx. More signiflcant]y,  (;c

substillltion  cnciows  the lnatcl-ial wilh cxccllent  capacity retention ciurin:, chaf-gc-

d i scharge  cycli J1: ovclal],  lhc effects of Gc suhs[itution  arc similal to tl~osc  of Sn,

altl~ou:,h the cyclic lifetime is supcrio[- l)ctailcd  studies with the other Gc-based

fonn~llations  alc ulldmvay.
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l;l(; (11<1;  (;AP’I’IONS

l~ij; 1: X-my d i f f rac t ion  pa I[CI-nS of 1.ahli.J ~,(iq ,1, 1.aNi.17Gc[),3, and 1,aNi5.  l’owdcrs

wwc activated \\Jitl I ~ :,as-phase Ij\l’LII o::cn a[)sc)[-l~t ic)ll-clcsor-[lt  iorl cycles bcfoze

lTICa SLllI!lllCllt

l;ig, 2: Gas-phase p-c-”1’ isotherms of (-) 1.aN’is, (m) 1,aNi+X;e~.~,  and (0) 1,a’Ni~ 6GC0,4

mcasum]  at 230(:

l:i~~.  3: Capacities of (*) laNij.x(;  c\ and (m ) 1.aNi j..Sn\  mcasurcxl by (open sylnbols)

gas-phase absolution to 5 atm. and (closed symbols) prismatic cells. } Jorizonta]

line rep{-cscnls capacity of Mn~Ni3  ~$Cof, ?jh4no,,lAlo.3 mcawrccl in prismatic ccl!.

l’i~;,4:  Cyclic lifetimes of’ ncsativc  limited Ni-MII cells. 1) () 1.aNi4,7Gc0,3,  2) (G ‘)

l,aNi<l GGe(Jl, 3) (---) l,aNiJ,TjSnrJlj,  and 4) (- ) h4nl(Ni~[JMnAl)~

Witham et. al. 1(I



‘1’;11)1(’  I : Kil}ctic  l’;it”iil)]~t~i.s of l,aNi5.\h’l\  ~fllojrs in 5.S h’1 1(011  solutiot).

Alloy

1 aNi4  ~Gcc,

.- —.. ..-—

—

MicrO-

j)olari~.:ltioll

i. [IUA/Cm2]

—. . ..-

_— ---

8.6

11.3

12.0

12.7

—.

—.

_..

‘] ’:lfcl l’Ol;ll”iZJiltiOl)

SIOI)C’  [ill\’/(lCCil(lC]

[mA/ ClI?]

~==_.  ,,=_.,.

10.7

.

32,7

3’8.3

31.7

_- —._—.. .

185

195

1)(’s.

10s

220

84

i. [In A/Cm2]

11.3

12.8

.—— —- —— —-— . . . .

12.9

13.4

——....——..——— .

Witham ct. al. 11
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